Small amounts of infectious simian virus 40 (SV40) were recovered from parental cultures of SV40-transformed human embryonic lung (WI38 Val3A) cells, from 12 primary clones, from 17 secondary clones, and from 18 tertiary clones. The cloning experiments demonstrated that the capacity for spontaneous virus production is a hereditary property of W138 Val3A cells. Infectious virus was not recovered from every clone at every passage. Repeated trials at different passage levels were necessary to detect virus production. Approximately one in 105 to 106 of the cells of the clonal lines initiated plaque formation when plated on the CV-1 line of African green monkey kidney cells. No increase in infectious center formation was observed after the clonal lines were treated with bromodeoxyuridine, iododeoxyuridine, or mitomycin C or after heterokaryon formation of treated cells with CV-1 cells. The clonal lines of W138 Val3A cells were susceptible to superinfection by SV40 deoxyribonucleic acid (DNA). To determine whether only those cells which spontaneously produced virus supported the replication of superinfecting SV40 DNA, cultures were infected with DNA from a plaque morphology mutant and a temperature-sensitive mutant of SV40. After infection by SV40 DNA, approximately 100 to 4,400 times more transformed cells formed infectious centers than were spontaneously producing virus. To determine whether the resident SV40 genome or the superinfecting SV40 genome was replicating, infectious centers produced by SV40 DNA-infected WI38 Val3A cells on CV-1 monolayers were picked and the progeny virus was analyzed. Only the superinfecting SV40 was recovered from the infectious centers, indicating that in the majority of superinfected cells the residentSV40 was not induced to replicate.
A number of simian virus 40 (SV40)-transformed human lines fail to produce infectious virus spontaneously or after fusion with susceptible monkey kidney (CV-1) cells (12) . Nevertheless, these cell lines can be used for the rescue of the resident SV40 genome from transformed mouse cells and they support the replication of superinfecting SV40 deoxyribonucleic acid (DNA), suggesting that the transformed human lines contain cellular factors essential for SV40 DNA replication (S. Kit To test these hypotheses, clonal lines of WI38 Va13A cells were infected with DNA from mutant SV40 strains. If the repressor hypothesis were correct, it seemed possible that only those cells which spontaneously produced virus would support the replication of the superinfecting SV40 DNA. However, if the alternative hypothesis were correct, a much greater number of SV40 DNAinfected cells would produce virus than the number of cells that did so spontaneously.
It was also necessary to consider the possibility that the infecting SV40 DNA might: (i) neutralize the repressor molecules, thereby increasing the number of virus-producing cells; or (ii) provide an excision function to release the resident SV40 genome in the WL38 Val3A cells. It would then be predicted that the number of W138 Val3A cells replicating the resident SV40 would be increased. Therefore, infectious centers produced by noninfected and SV40 DNA-infected WI38 Val3A cells on CV-1 monolayers were picked, and the progeny virus was analyzed to determine whether the resident SV40 genome or the superinfecting SV40 genome, or both, were replicating.
MATERIALS AND METHODS
Cell cultures. CV-1 cells, an established line of African green monkey kidney (9) , and W138 Val3A cells, a line of SV40-transformed human embryonic lung (7, 10) (14) . SV40tsTNG-1 replicates normally in CV-1 cells at 33.5 C but is grossly inhibited at temperatures above 36.5 C.
Preparation and assay of SV40 DNA. SV40 DNA was prepared by infecting CV-1 monolayers with SV40 cl 307L, SV40(mKS-U4), or SV40tsTNG-1 at an input multiplicity of 10 to 50 plaque-forming units (PFU) per cell. Cultures infected with SV40 cl 307 L or SV40(mKS-U4) were incubated at 36.5 C for 72 hr; cultures infected with SV40tsTNG-1 were incubated at 33.5 C for 96 hr. SV40 DNA was extracted by the method of Hirt (8) and was deproteinized as previously described (11) . SV40 DNA was assayed on CV-1 monolayers by the diethylaminoethyl dextran method (13) . The DNA extracted from SV40 clone 307L, SV40(mKS-U4), and SV40tsTNG-1 viruses, respectively, will be referred to in the text as SV40 wt DNA, fuzzy DNA, and ts DNA. DNA from SV40 cl 307L (wt) and SV40(mKS-U4) (fuzzy) were assayed at 36.5 C and DNA from SV40tsTNG-1 (ts) at 33.5 C. The titers were 4.2 X 107 PFU per ml for wt DNA, 1.4 X 107 PFU per ml for fuzzy DNA, and 1.9 X 107 PFU per ml for ts DNA. The specific activity of the ts DNA was 106 PFU per ,ug of DNA.
Infectious center assay. To determine the capacity of transformed human cells to form infectious centers, 0.1 ml of cell suspensions containing 106, 106, 104, and 103 cells per ml were plated on 6-day-old CV-1 monolayers. About 0.2 ml of agar medium was added to fix the transformed cells to the CV-1 monolayer. After cooling, an overlay of 5 ml of agar medium was added, and the cultures were incubated at either 33.5 or 36.5 C. Cultures incubated at 36.5 C were overlaid at 8 days with 5 ml of agar medium containing neutral red. Infectious centers were counted 10 to 18 days after plating. Cultures incubated at 33.5 C were overlaid with 3 ml of agar medium on day 8 and 5 ml of agar medium with neutral red on day 12; plaques were counted 15 to 21 days after plating.
RESULTS
Detection of SV40 in cell-free extracts of SV40-transformed human cells. During routine testing of SV40-transformed cells, it was observed that small amounts of SV40 were often, but not always, detected in cell-free extracts of WI38 Va13A cells (12; Repeated trials at different passage levels were necessary to detect virus production. Several of the clones yielded SV40 only rarely. Clone 3-4-4 yielded SV40 only twice in 25 trials; clone 3-4-11, once in 35 trials; and clone 6-3-10, only once in 20 trials. On the other hand, with clone 6-3-6, SV40 was recovered in every trial. Virus yields from most of the clones were also very low, 10 to 250 PFU per culture. SV40 could also be recovered from most of the clones by heterokaryon formation with CV-1 cells (2). However, the frequency of induction was very low; approximately one cell in 105 to 106 formed an infectious center.
Properties of virus recovered from W138 Va13A cells. The SV40 produced spontaneously by W138 Val3A cells replicates normally in CV-1 cells and produces large clear plaques at either 36.5 or 33.5 C. It induces SV40 T antigen in W138 and CV-1 cells and increases thymidine kinase activity in CV-1 cells (11) .
Attempts to induce SV40 replication in transformed cells by treatment with metabolic inhibitors. Previous studies (1, 6) have shown that SV40-transformed hamster cells which do not spontaneously shed SV40 can be induced to synthesize SV40 by treatment with metabolic inhibitors. Also, Fogel and Sachs (5) demonstrated that induction of viral synthesis can be enhanced in polyoma-transformed rat cells which spontaneously produce polyoma virus by treating the cells with ultraviolet light or mitomycin C.
To determine whether we could increase the frequency of induction of SV40 from W138 Val3A cloned cells which spontaneously shed SV40, cultures were treated with mitomycin C or with the halogenated pyrimidine, deoxyribonucleosides, bromodeoxyuridine (dBU), and iododeoxyuridine (dIU). Exponentially growing cells from W138 Val3A cl 6-3-2, cl 6-3-12, and cl 3-4 were treated with 25 Mug or 100 ,ug of dBU or dIU per ml for either 24 a SV40 DNA in 500,ug of diethylaminoethyl dextran per ml was adsorbed for 3 hr at 23 C to 3-day-old CV-1 and to 4-day-old W138 Val3A cl 6-3-12 and cl 3-4 cultures. The input multiplicities of wild-type (wt) DNA and temperature-sensitive (ts) DNA were 0.67 plaque-forming unit (PFU)/cell for CV-1, 0.50 PFU/cell for cl 6-3-12, and 0.23 PFU/cell for cl 3-4. For fuzzy DNA, the input multiplicities were 0.17 for CV-1 and 0.47 for cl 3-6-12 . At 24 hr postinfection, cells were trypsinized and plated on 6-day-old CV-1 monolayers. Infectious centers were counted after 10 to 18 days at 36.5 C and after 15 to 21 days at 33.5 C.
b Infectious centers were picked and assayed at two temperatures. Progeny virus scored as wt produced large clear plaques and gave approximately equal titers at both temperatures; virus scored as ts produced small clear plaques at 33.5 C and failed to plaque at 36.5 C. Virus scored as fuzzy produced fuzzy plaques at 36.5 C.
c All infectious centers were of the fuzzy type.
VOL. 8, 1971 producing SV40. The number of infectious centers produced by SV40 DNA-infected W138 Val3A clonal cells was similar to the number produced by other SV40 DNA-infected transformed human and monkey lines but was 3-to 10-fold less than was produced by SV40 DNA-infected CV-1 cells (11) . The number of infectious centers produced was also two-to threefold less than was produced by SV40 DNA-infected HeLa or KB cells but was 5 to 10 times more than was formed by SV40 DNA-infected normal W138 cells (11 Table 2 ). After cl 6-3-12 cells were infected with SV40 ts DNA, a single infectious center was formed at 36.5 C. When this single infectious center was picked and tested, plaques were produced at 36.5 C, as was the case with the 11 infectious centers spontaneously produced by cl 6-3-12 at 36.5 C. These infectious centers probably represent spontaneous induction of SV40 in cl 6-3-12 cells. These results indicate that nonproductive infection of cl 6-3-12 cells with SV40 ts DNA at the nonpermissive temperature does not cause induction of the resident genome. It is to be noted that SV40tsTNG-1 synthesizes SV40 DNA and some late proteins at the nonpermissive temperature, but not infectious virus (14) .
In contrast to the results obtained at 36.5 C, 284 infectious centers per 105 cells were produced when SV40 ts DNA-infected cl 6-3-12 cells were incubated at 33.5 C. A total of 75 infectious centers were picked from SV40 ts DNA-infected cl 6-3-12 plates incubated at 33.5 C. When tested at two temperatures, plaques were produced only at 33.5 C, indicating that only the ts SV40 had replicated. These results suggest that the resident genome is not induced in a majority of the transformed cells in which the superinfecting SV40 is replicating. DISCUSSION SV40-transformed human and monkey cells are susceptible to superinfection by SV40 DNA and support the rescue of the resident genome from transformed mouse or hamster cells (10) (11) (12) . Some lines of SV40-transformed monkey cells, e.g., BSC/SV40(NCM4), are also susceptible to SV40 virion infection (11) . These (4, 5) with polyoma-transformed rat embryo muscle cells and indicate that the ability for "spontaneous" activation of SV40 synthesis can be transmitted to progeny clones. In contrast to the findings with polyoma-transformed rat embryo muscle cells, however, infectious virus production by W138 Val3A cell lines was not enhanced by mitomycin C treatment or by treating the cells with drugs which induce SV40 production from SV40-transformed hamster lines (1) . These findings (i) suggest that the resident SV40 genome of W138 Val3A cell lines is nondefective, (ii) contraindicate virus production by the mechanism of inapparent infection, and (iii) suggest that effective concentrations of form I DNA replication factors are not the limiting factor in infectious virus production. In contrast, spontaneous production of infectious SV40 does not occur in nonpermissive SV40-transformed mouse cells or in a transformed monkey-mouse somatic hybrid that contains few monkey chromosomes unless factors required for SV40 DNA replication are supplied through heterokaryon formation with normal CV-1 or other monkey or human cell lines (1l; Kit et al., in press).
To explain the properties of SV40-transformed human line WI38 Val3A, we tentatively propose a model in which (i) the majority of cells are capable of supporting the replication of superhelical SV40 DNA, but (ii) release of the SV40 genome from integration is a rare event.
The mechanism of release of the SV40 genome from integration is not understood. It remains to be determined whether release from integration depends on a specific viral function or on cellular excision mechanisms, and whether it is coupled with or is independent of cellular DNA replication. Presumably, SV40-transformed human, monkey, and mouse cells have the capability of releasing the SV40 genome from integration. In this connection, it is noteworthy that the number of virus-producing W138 Val3A cells is not increased significantly by fusing them with CV-1 cells. If the W138 Val3A cells already contain the cellular factors needed for SV40 DNA replication and also an excision function, then it might be expected that additional cellular factors and excision functions supplied by CV-1 cells would not increase the number of virus-producing cells.
In the present study, consideration has been given to an alternative hypothesis, i.e., that the replication of SV40 DNA in transformed human cells is prevented by repressor molecules present in excess in the cells. The breakdown of repression in a few cells might then explain the spontaneous production of SV40 by one in 105 to 106 WI38 Val3A cells. However, the results obtained in this study indicate that many of the cells that do not spontaneously produce virus can do so when superinfected by SV40 DNA. The latter finding is contrary to a simple repressor hypothesis but is consistent with the model that we have proposed.
Consideration was also given to the hypotheses that (i) the superinfecting SV40 DNA neutralized a repressor in cells that were not spontaneously producing virus and that (ii) the superinfecting SV40 DNA might supply an excision function. If either of these hypotheses were correct, it would be predicted that replication of the resident SV40 of WI38 Va13A cells would be substantially enhanced. The experiments utilizing the DNA from the fuzzy plaque and the temperature-sensitive strains of SV40 do not support the repressor hypothesis. Enhancement of replication of the resident SV40 of W138 Val3A cells was not observed. An increase in infectious center formation was obtained after SV40 DNA infection, but the progeny virus isolated from the infectious centers was identified as that of the superinfecting DNA.
Reversion of the fuzzy-plaque strain of SV40 to the clear plaque type has not been observed. Hence, any large clear plaque type which might be isolated from d 6-3-12 cells superinfected with fuzzy SV40 DNA would probably be due to the resident SV40. Scoring of plaque morphology, however, must be done close to the terminal dilutions in a plaque assay. When mixed with fuzzytype SV40, a large clear plaque SV40 could only be detected readily if it constituted at least 10 to 20% of the total virus population.
The experiments in which the DNA from temperature-sensitive SV40 was used to infect cells at the nonpermissive temperature are particularly noteworthy. SV40tsTNG-1 is defective in a late function (14) . SV40 DNA replication and viral capsid proteins are produced at the nonpermissive temperature although infectious virus is not made. It would therefore be expected that abundant SV40 DNA to neutralize a repressor would be available in cells infected at 36.5 C by SV40 ts DNA. Nevertheless, infectious center formation was not enhanced at 36.5 C from W138 Val3A cl 6-3-12 or cl 3-4 cells infected with SV40 ts DNA ( Table 2) . The virus isolated from the infectious centers formed at 36.5 C after SV40 ts DNA infection was similar to that spontaneously produced by these cells. Hence, these results contra- 
